We calculate the correction to the deuteron quadrupole moment induced by generalized uncertainty principle (GUP) and find an upper bound on the minimal length.
a b s t r a c t
We calculate the correction to the deuteron quadrupole moment induced by generalized uncertainty principle (GUP) and find an upper bound on the minimal length. Various theories of quantum gravity as well as black hole physics indicate the existence of a minimal observable length. This minimal length is described quantum theoretically as a non-zero minimal uncertainty ðDxÞ min in position measurements [1] . This has given rise to the generalized uncertainty principle (GUP), which is DxDp P 
Nuclear force is not fully central and to find analytical wave functions of the deuteron one should incorporate spin-orbit and tensor potentials with the predominant central potential. For our purpose, that is, to implement the generalized uncertainty principle in the equation of motion, we shall consider only a central and square-well potential given by,
where r is the radial distance between the two nucleons, and V 0 ; r 0 are the depth of potential and range of the force, respectively. We define the radial wave function uðrÞ by uðrÞ ¼ rW and obtain the radial Schroedinger equation for orbital quantum number l ¼ 0, in the region r > r 0 as,
where l is the reduced mass of the deuteron, and
MeV, is the binding energy of the deuteron. It can be shown that [2] the following representation incorporates the generalized uncertainty principle at the first order in b,
. Neglecting terms of order b 2 , the Schroedinger equation takes the form This is the equation from which the dominant influence of GUP, i.e., of non-vanishing b can be studied.
Beyond the range of the potential, this equation gives for the radial function uðrÞ,
Now, the deuteron quadrupole moment Q is an ''outer'' quantity; the main contribution to Q comes from outside the range of force [4] .
where A s is the asymptotic S-state amplitude. For solution to Eq. (7), we note that this equation is to be solved using the perturbation theory. Following the usual perturbation method, we can write E ¼ ÀE 0 þ bE 1 , where bE 1 is the contribution of the GUP and ÀE 0 is the unperturbed total energy (i.e., without GUP). Here we have used the GUP parameter b as the small perturbing parameter. Inserting this in Eq. (7), we see that the 3rd term on the left hand side contains one term proportional to b and two terms proportional to b 2 ; neglecting terms proportional to b 2 , we are left with
The 2nd term on the left hand side of the Eq. (7) contains a term proportional to b which can be neglected in comparison to the former term (this is justified when we make an order of magnitude calculation), and hence in leading order in b we can write Eq. (7) as
The solution to Eq. (9) appears as
where B s is the asymptotic S-state amplitude when GUP is taken into account. The approximate D-state ðl ¼ 2Þ radial function outside the range of nuclear force is given by [4] ,
where g is the asymptotic D/S ratio, and this expression corresponds to the problem under ordinary Heisenberg algebra. Clearly, the problem of radial function at the outer region is governed by c when we consider ordinary Heisenberg algebra and by a when we consider the problem under GUP. The deuteron quadrupole moment Q (in the case of without GUP) is given through the function u of Eq. (8) and w of Eq. (12) by [4] ,
Now, when we consider the problem from the standpoint of GUP, our main functions are the u given by Eq. (11) and the w given by,
which we expect to hold very good because of the similarity of the main equations, valid outside the range of force. Since the D-state probability is relatively small, neglecting the second integral in Eq. (13), the deuteron quadrupole moment Q 0 given by the formalism of GUP becomes,
Now, using Eq. (10) we obtain, in the first approximation, for quadrupole moment
The 2nd term in Eq. (16) is the correction to the quadrupole moment due to the generalized uncertainty principle and is given by
where we have used, following [2] , 
This upper bound is close to one upper bound found in [3] , which is 1:64 Â 10 À16 m, and somewhat relaxed compared to the bound found by Brau [6] , which is % 10 À17 m. Thus we have found an upper bound to the minimal length suggested by the generalized uncertainty principle from the experimental uncertainty in the deuteron quadrupole moment and our calculated value agrees with one of the values available in the literature [3] .
